ABSTRACT: Omega fatty acids and zinc contribute to physiological pathways that could affect the farrowing process, stillbirth, preweaning mortality, and postweaning return to estrus. To determine effects of omega fatty acids and zinc on these reproductive traits, gilts were mated and fed either a control diet, a diet supplemented with 1.09% Gromega, a diet supplemented with 0.07% zinc sulfate, or a diet supplemented with both Gromega and zinc sulfate from d 80 of gestation until farrowing. Farrowings were video recorded to obtain birth intervals for each piglet, and the number of live and stillborn piglets was recorded. On d 1 after farrowing, piglets were weighed, and the smallest piglet in each litter was sacrificed. A blood sample was collected to measure the immunoglobulin immunocrit ratio, and brain, cerebellum, brain stem, full and empty stomach (to calculate stomach content weight), and heart weights were recorded. Because myelination of specific brain regions may affect preweaning mortality, brain stem, cerebellum, and spinal cord tissues were measured for content of myelin basic proteins and myelin lipids. For remaining piglets, survival to weaning and weaning weights were recorded. Results indicated a weak positive correlation (r = 0.23, P < 0.05) between immunocrit values and brain stem high molecular weight myelin basic protein. There was also a Gromega × zinc supplementation interaction (P < 0.05) on brain stem high molecular weight myelin basic protein in which the combined treatment was greater than the control or each supplement alone. Zinc treatment decreased stillbirth rate during prolonged farrowing and subsequent preweaning survival of low birth weight piglets. Gromega increased overall stillbirth rate and increased the stillbirth rate during prolonged farrowing. There were no relationships between myelin measurements and preweaning survival. In conclusion, combined Gromega and zinc supplementation appeared to improve myelination, but zinc alone improved stillbirth and preweaning survival.
INTRODUCTION
Stillbirth rates in piglets range from 2 to 9% (Fahmy et al., 1978; Mesa et al., 2006) , preweaning mortality ranges from 10 and 20% and is increasing (Fahmy and Bernard, 1971; Fahmy et al., 1978; Stalder, 2013) , and 11 to 36% of dams fail to return to estrus within 10 d after weaning (Moeller et al., 2004) . Nutritional treatments that could improve these inefficiencies would benefit the swine industry. Stillbirth is associated with prolonged birth intervals and asphyxia (Alonso-Spilsbury et al., 2005) . Essential fatty acids and zinc could influence birth intervals by altering production of prostaglandins (Kremmyda et al., 2011; Meydani and Dupont, 1982; First and Bosc, 1979) . Zinc could play a role in responses to asphyxia by altering superoxide dismutase (Mistry and Williams, 2011) or carbonic anhydrase (Sly and Hu, 1995) . Preweaning mortality of low birth weight piglets may be influenced by reduced brain myelination (Dickerson et al., 1971; Pond et al., 2000; Vallet and Miles, 2012) . Supplementation with essential fatty acids improved myelination in rodent offspring (Berkow and Campagnoni, 1983; Salvati et al., 1996; Yehuda et al., 2005) and zinc is known to participate in the myelin compaction process (Kursula, 2008) . Another contributor to piglet mortality is acquisition of colostrum (Le Dividich et al., 1994; Noblet et al., 1997) . Immunocrit values are indicative of nursing failure and preweaning mortality (Vallet et al., 2013) . Finally, the effect of back fat on return to estrus is controversial (Serenius and Stalder, 2006; Knauer et al., 2010; Tarres et al., 2006) and provision of essential fatty acids during gestation could improve back fat and postweaning return to estrus.
Therefore, the objectives of the current study were to evaluate piglet immunocrits, brain myelination, and preweaning survival and dam birth intervals and postfarrowing metabolic factors in dams supplemented with essential fatty acid and zinc during the last third of pregnancy.
MATERIALS AND METHODS
The experimental design and procedures used in this study were approved by the U.S. Meat Animal Research Center (USMARC) Animal Care and Use Committee. Experimental procedures were conducted in accordance with the Guide for the Care and Use of Agricultural Animals in Agricultural Research and Teaching (FASS 2010) . Landrace, Duroc, and Yorkshire crossbred gilts from the US-MARC BX population that farrowed in May and July of 2009 were used in this experiment. Gilts were observed for estrous behavior beginning about 170 d of age and were artificially inseminated with single sire semen at standing estrus at approximately 250 d of age. From d 80 of gestation (approximate start of myelination) until farrowing, pregnant gilts were fed 1 of 4 dietary treatments: 1) a control diet consisting of the standard lactating sow feed at USMARC (72.6% ground corn, 22.9% soybean meal, 1.6% dicalcium phosphate, 0.7% limestone, 0.5% NaCl, 0.2% Vitamin Premix 11 (Vitamin A 3,300,000 IU; Vitamin D3 440,000 IU; Vitamin E 22,000 IU; Vitamin K 2,200 mg; Niacin 11,000 mg; D-Pantothenic acid 12,100 mg; Riboflavin 3,740 mg; Vitamin B12 22 mg; D-Biotin 165 mg; Folic acid 1,100 mg; per kg Premix; Consumer Supply Distributing LLC, Sioux City Iowa), 0.2% trace mineral H, 0.2% choline chloride, 0.13% Tylan 40 (Elanco, Greenfield, IN), and 1% soybean oil; n = 52), 2) the control diet supplemented with 1.09% Gromega lipid supplement (JBS United Feeds, Sheridan, IN; n = 59), 3) the control diet supplemented with 0.07% zinc sulfate (n = 56), and 4) the control diet supplemented with both 1.09% Gromega and 0.07% zinc sulfate (n = 53). Gilts were housed in groups of 5 and provided 2 kg feed/d. At 110 d gestation, gilts were weighed, back fat and loin eye area were measured using ultrasound (Aloka 500SD, Wallingford, CT), a blood sample was collected in K-EDTA for various measures of plasma metabolites, and the gilts were moved to the farrowing house. Subsequently, farrowings were video recorded and videos were observed to determine individual piglet birth intervals for each piglet (Vallet et al., 2010) . On d 1 after farrowing, sows were weighed, a blood sample was collected, and the numbers of mummies and piglets born alive and stillborn were recorded for each litter.
Piglets were weighed on d 1 and the smallest living piglet (by weight) in each litter was sacrificed after rendering the piglet unconscious using CO 2 gas. Weights ranged from 0.41 to 2.2 kg. The piglet was exsanguinated, and a blood sample was collected. Then, stomach, heart, brain, and a section of spinal cord just above the hip bone were collected by dissection. The stomach was weighed, emptied, and weighed again to determine the weight of stomach contents. The heart and brain were weighed and the cerebellum and brain stem were dissected and weighed. Portions of the cerebellum (one-half), brain stem (one-half), and spinal cord (approximately 1 cm) were homogenized in 1 M sucrose buffer (9 mL buffer/g tissue), and the homogenates were frozen at -20°C until further processed to measure myelin (Vallet and Miles, 2012) . Piglet blood was allowed to clot, and serum was collected and frozen at -20°C. Serum samples were used to assess the passive transfer of immunoglobulin from the sow to the piglet using the immunoglobulin immunocrit (Vallet et al., 2013) . The date and reason for all piglet deaths were recorded for the remaining live piglets in each litter and each litter was weaned at approximately 17 d. All piglets alive at weaning were weighed.
At weaning, sows were weighed, back fat and loin eye area was determined, and a blood sample was collected. Sows were observed daily for estrous behavior for 15 d and the number of days from weaning to standing estrus was recorded. At postweaning estrus, sows were weighed and back fat and loin eye area were measured using ultrasound.
Myelin in the cerebellum, brain stem, and spinal cord was measured as described previously (Vallet and Miles, 2012) . Briefly, 0.5-mL aliquots of tissue homogenates in 1 M sucrose were centrifuged at 10,000 × g for 30 min at 4°C in a microcentrifuge and the supernatants retained. The supernatant was then diluted with 4.5 mL 10 mM Tris, pH 8.0, and centrifuged again at 3,000 × g for 30 min at 4°C to pellet the myelin membranes. Myelin basic proteins (MBP) were assessed using SDS-PAGE, coomassie staining, and densitometry (MBP are the 2 most prominently stained bands on an SDS-PAGE gel of myelin; Vallet and Miles, 2012) . Myelin lipids were analyzed using thin layer chromatography, naphthol black staining, and densitometry. Bands corresponding to myelin cholesterol, hydroxyl-and nonhydroxy-glucocerebrosides, phosphatidylethanolamine, phosphatidylcholine, and sphingomyelin were measured.
Plasma samples from dams were measured for creatine, creatine phosphokinase, creatinine, lactate, albumin, and urea nitrogen. Creatine was assayed from deproteinized plasma extracts using a modified method (Kennaugh et al., 1997) . Briefly, NADH oxidation was photometrically measured at 340 nm in the presence of creatine, creatine kinase, and lactate dehydrogenase (Sigma-Aldrich, St. Louis, MO). Concentrations of creatine were established by comparing data to a standard curve ranging from 0 to 200 μM. Total creatine phosphokinase activity was measured from plasma as the production of NADH in the presence of creatine phosphate, hexokinase, and 6-phosphogluconate at 340 nm (Pointe Scientific, Canton, MI). Plasma concentrations of creatinine, plasma urea N (PUN), and albumin were measured using a Technicon Autoanalyzer System (Technicon Autoanalyzer Systems, Tarrytown, NY). Creatinine levels were measured using a colorimetric method as described in the Technicon Method SF4-0011FH4 (Technicon Industrial Systems, 1974) . The method for measuring PUN was adapted from the Technicon AutoAnalyzer II Industrial Method number 339-01 (Technicon Industrial Systems, 1977) . Concentrations of plasma albumin were established using a previously described bromocresol green procedure (Doumas and Peters, 1997) . Direct measurement of immobilized L-lactate from the plasma was performed using the YSI 2700 SELECT Biochemistry Analyzer (YSI Incorporated Life Sciences, Yellow Springs, OH) and a lactate oxidase specific enzyme membrane.
Statistical Analysis
The dietary treatments are a 2 × 2 factorial of Gromega and zinc supplementation, and therefore ANOVA analyses were used exploiting this design. To analyze birth interval data, the birth order of each piglet in the litter was converted to a proportion of the litter farrowed (Vallet et al., 2010) . After log transformation, birth intervals were analyzed using PROC MIXED (SAS Inst. Inc., Cary, NC) and a model that included the main effects of farrowing group, Gromega, zinc, the Gromega × zinc interaction, proportion of the litter farrowed category, the Gromega × proportion of the litter farrowed interaction, the zinc × proportion of the litter farrowed interaction, and the Gromega by zinc × proportion of the litter farrowed interaction. Litter size was included as a covariate and gilt within farrowing group × Gromega × zinc interaction was included as a random effect. There were only 19 observations in the 0.1 proportion farrowed category and the variability of birth intervals in this category was exceptionally high, so birth interval data were analyzed with these data omitted.
Gilt weight, loin eye, back fat, and metabolic traits were analyzed separately for each day (d 110, d 1 postfarrowing, weaning, and at postpartum estrus) using PROC MIXED. For each day, the model included the main effects of farrowing group, Gromega, zinc, and the Gromega × zinc interaction. A similar model was used to analyze weaning to estrus interval. Analyses of d 110 traits and d 1 postfarrowing traits included total number born as a covariate. Analysis of traits collected at weaning included the number weaned as a covariate. Finally, analysis of traits collected at postweaning estrus included number weaned and weaning to estrus interval as covariates, except when testing weaning-to-estrus interval, which only included number weaned as a covariate.
Traits measured on live piglets were analyzed using PROC GLM of SAS. The model included main effects of farrowing group, Gromega, zinc, and the Gromega × zinc interaction. The same analysis was used to test supplement effects on the weight of stillborn piglets. Further analyses of brain, heart, cerebellum, and brain stem weights were conducted with the same model including birth weight as a covariate. Further analyses of the MBP and myelin lipid data were conducted using the same model including myelin cholesterol as a covariate. This analysis was done to normalize data to myelin cholesterol, to determine whether relationships between proteins and lipids and cholesterol in myelin were altered by the treatments. The associations between MBP forms in brain regions and immunocrit measurements were further explored using regression analysis. Correlations between myelin measures and litter average preweaning mortality, immunocrit values, and weight of the stomach contents were also calculated.
Treatment effects on the relationship between birth interval and stillbirth were analyzed using PROC GLIMMIX and a model that included the main effects of Gromega, zinc, and their interaction, the linear effect of birth interval, and interactions between the linear effect of birth interval, Gromega, and zinc.
The effects of treatment on the relationship between preweaning mortality and birth weights were examined using PROC GLIMMIX with a model that included effects of farrowing group, Gromega, zinc, Gromega × zinc, linear and quadratic effects of birth weight, and interactions of Gromega and zinc with the linear and quadratic effects of birth weight.
RESULTS

Gilt Effects
Analysis of birth intervals indicated an interaction was present (P < 0.05) between the effect of zinc treatment and the effect of proportion of the litter farrowed (Fig. 1 ). More detailed analysis of these data indicated that the interaction was due to longer birth intervals in zinc treated gilts early in the farrowing process (0.2 and 0.3 categories), compared to later in the farrowing process (categories 0.4 to 1). Gromega treatment did not influence birth intervals and there was no Gromega × zinc interaction.
Analysis of gilt weight, loin eye area, back fat, and metabolic parameters measured at d 110 of gestation, d 1 postfarrowing, weaning, and postweaning estrus yielded few significant effects of treatment (Tables 1, 2 , 3, and 4). Exceptions were d 110 back fat, plasma creatine phosphokinase, and plasma albumin, which were all increased by the main effect of Gromega treatment (P < 0.01, P < 0.01, and P < 0.05, respectively; Table 1), with no Gromega × zinc interaction. On d 1 postfarrowing, there was a Gromega × zinc interaction (P = 0.07) for plasma albumin, but no other treatment effects for the parameters measured ( Table 2 ). The Gromega × zinc interaction on albumin appeared to be due to inhibitory effects of Gromega and zinc supplementation when provided alone but that disappeared when the 2 treatments were combined. At weaning, Gromega × zinc interactions were found for loin eye area (P = 0.07) and plasma lactate (P < 0.05; Table 3 ). Similar to albumin on d 1 postfarrowing, in both cases the interaction was the result of a decrease in both loin eye area and lactate when Gromega and zinc were supplemented alone, which disappeared when the 2 supplements were combined. Gromega (P = 0.01) and Gromega × zinc interaction (P < 0.05) effects were also found for plasma albumin at weaning. Combined Gromega and zinc treatments increased plasma albumin above the other 3 treatments. Plasma creatine measured at weaning was decreased (P = 0.05) by the main effect of Gromega treatment (Table 3) with no Gromega × zinc interaction. Finally, at first postweaning estrus, there was a Gromega × zinc interaction (P < 0.05) for back fat (Table 4) . Here again, the interaction appeared to be due to increased back fat in the Gromega and zinc combined treatment, compared to slight decreases with each treatment alone. All other main effects of Gromega, zinc, and their interactions were not significant.
Analysis also indicated several relationships between total number of piglets born or weaned and parameters measured in gilts. On d 110 of gestation, significant positive linear effects of the total number of piglets born were 2 Effect of total number born (P = 0.06).
3 Farrowing season (P = 0.07). 4 Farrowing season (P = 0.01) and Gromega treatment (P < 0.01).
5 Farrowing season (P < 0.01).
6 Farrowing season (P < 0.05) and Gromega treatment (P < 0.01).
7 Effect of total number born (P < 0.05).
8 Farrowing season (P = 0.01) and Gromega treatment (P < 0.05).
9 Zinc treatment (P = 0.1).
found for gilt weight (P = 0.06) and plasma creatinine (P < 0.01; Table 1 ). A positive linear effect of total number of piglets born on plasma creatinine was also present on d 1 postfarrowing (P < 0.01; Table 2 ), and a positive linear effect of the number of piglets weaned on plasma creatinine was present at weaning (P < 0.01; Table 3 ). Negative linear relationships with number weaned were found at weaning for weight (P < 0.01) and loin eye area (P < 0.01; Table 4 ). Finally, there was a negative linear relationship (P < 0.05) between the number of piglets weaned and weight at postpartum estrus and a positive linear relationship between the number of piglets weaned and the weaning-to-estrus interval (P < 0.05).
Piglet Effects
The effects of Gromega and zinc supplementation on litter traits and traits measured on the smallest piglet in the litter are summarized in Table 5 . The number of piglets born alive did not differ between treatments. However, there were greater numbers of stillborn piglets in litters from gilts supplemented with Gromega (P < 0.05).
Average birth weights did not differ among treatments; however, the weight of the smallest piglet in each litter was greater (P < 0.05) for gilts supplemented with Gromega. There were no treatment effects on the weight of stillborn piglets (not shown). Heart weights were also greater for the smallest piglet in each litter (P < 0.05; Table 6 ) after Gromega supplementation. Brain weights of the smallest piglet in the litter did not differ among treatments, but there was a Gromega × zinc interaction for cerebellum weight (P < 0.05). This was due to a reduction of cerebellum weight after Gromega supplementation that did not occur when Gromega and zinc were combined. Brain stem weights, immunocrit values, and the weight of stomach contents for the smallest piglet in the litter did not differ among treatments.
For myelin measurements, a Gromega × zinc interaction was observed (P < 0.05) for brain stem high molecular weight MBP, which resulted from an increase 2 Farrowing season (P < 0.01).
3 Effect of total number born (P < 0.01) and farrowing season (P = 0.06).
4 Farrowing season (P = 0.05).
5 Gromega × zinc interaction (P = 0.07). Loin eye area, 3 mm 2 42.4 ± 1.1 40.2 ± 0.9 41.3 ± 0.9 42.6 ± 0.9
Back fat, mm 32.0 ± 1.1 32.4 ± 0.9 33.6 ± 0.9 33.9 ± 0.9
Creatine, 4 mM 1.29 ± 0.13 1.36 ± 0.10 1.18 ± 0.10 1.05 ± 0.10
Creatine phosphokinase, units/L 315 ± 105 353 ± 80 264 ± 84 283 ± 86
Creatinine, 5 μM 303 ± 9 297 ± 7 301 ± 7 298 ± 7
Lactate, 6 mM 2.22 ± 0.18 2.12 ± 0.14 1.84 ± 0.14 2.39 ± 0.15
Albumin, 7 mg/mL 36.2 ± 0. 2 Number weaned (P < 0.01).
3 Number weaned (P < 0.01) and Gromega × zinc (P = 0.07).
4 Gromega treatment (P = 0.05).
5 Number weaned (P < 0.01) and farrowing season (P < 0.01).
6 Farrowing season (P = 0.01) and Gromega × zinc interaction (P < 0.05).
7 Farrowing season (P < 0.01), Gromega treatment (P = 0.01), and Gromega × zinc (P < 0.05).
8 Farrowing season (P < 0.01).
in high molecular weight MBP when Gromega and zinc were combined, compared to the other treatments (Table 7) . A Gromega × zinc interaction was also observed (P = 0.01) for spinal cord high molecular weight MBP. However, in contrast to the brain stem, the interaction was due to a reduction in high molecular weight MBP in spinal cord when gilts were supplemented with Gromega but not when Gromega and zinc were combined. The only myelin lipid that was affected by treatment was brain stem myelin glucocerebroside 1, which was increased (P < 0.05) by zinc supplementation. Analysis of stomach contents, organ weights, and immunocrit values after adjusting for birth weights is summarized in Table 6 . The Gromega × zinc treatment interaction observed for unadjusted cerebellum weight was more significant after adjustment for birth weight (P = 0.01). The increase in heart weight in response to Gromega treatment disappeared after adjustment for birth weight, suggesting that the effect on heart weight was due to an overall effect of Gromega treatment on growth of the piglet. No other significant effects were obtained after adjustment for birth weight.
Results for myelin protein and lipid measurements after normalizing for myelin cholesterol are presented in Table 7 . The Gromega × zinc interaction for brain stem high molecular weight MBP, the zinc effect for brain stem glucocerebroside 1, and the Gromega × zinc interaction for spinal cord high molecular weight MBP that was observed after analysis of unadjusted data remained significant after normalizing for myelin cholesterol. In addition to these effects, there was a significant Gromega × zinc interaction detected for cerebellum glucocerebroside 1 (P = 0.01) after adjustment for cholesterol. No other treatment effects were present for the other myelin traits.
Correlation analysis was used to determine whether myelin traits were associated with litter average preweaning mortality, immunocrit values, or weight of stomach contents (Table 8) . None of the myelin traits were correlated with piglet stomach contents measured on d 1 of age. In contrast, measurements of MBP in all 3 brain regions were weakly but significantly correlated with immunocrit (r range = 0.16 to 0.23, P ≤ 0.05), with brain stem high molecular weight MBP having the greatest correlation. Myelin basic protein measurements between brain regions were correlated with each other (r range = 0.46 to 0.83, P < 0.01). Simultaneous fitting of MBP measures from brain stem and other brain regions indicated that only brain stem high molecular weight MBP contributed independently to variation in immunocrit. Finally, no correlations between any myelin traits measured and litter preweaning mortality were observed.
The effect of Gromega on number of stillbirths and lack of effect of Gromega on birth intervals suggested that Gromega treatment might influence the relationship between stillbirth and birth intervals. Analysis of the effect of treatments on the relationship between birth interval and frequency of stillbirth indicated that Gromega treatment increased (P < 0.05) the frequency of stillbirth as birth intervals increased, while zinc reduced (P < 0.05) the frequency of stillbirth as birth intervals increased (Fig. 2) . Similar analysis of the effect of treatments on the relationship between piglet birth weight and preweaning mortality indicated a significant effect of zinc treatment on this relationship (P < 0.05; Fig. 3) . Examination of the relationships between birth weight and preweaning mortality for the different treatment combinations indicated that zinc treatment reduced the rate of mortality for low birth weight piglets.
DISCUSSION
Results of this experiment indicated few effects of Gromega or zinc supplementation on the traits measured. Zinc treatment increased birth intervals during the early stages of farrowing. Gromega treatment increased back fat on d 110 of gestation, but by weaning this advantage was lost. There were no effects of either supplement on the number of piglets born alive or on average birth weights. Although the weight of the smallest piglet in each litter was greater in Gromega treated gilts, Gromega had no effect on the average birth weight of the litter. Turning to measures of myelination, a synergistic effect of Gromega and zinc treatment was found for brain stem high molecular weight MBP and an increase in brain stem glucocerebroside 1 was found after zinc treatment. The Gromega × zinc interactions found for cerebellum weight and spinal cord high molecular weight MBP are hard to interpret; it appeared that in both cases Gromega and zinc alone resulted in a decrease while the combined treatments restored values to nearly those of piglets from Weaning to estrus interval, 5 d 5.7 ± 0.4 5.9 ± 0.3 5.9 ± 0.3 6.1 ± 0.3 1 JBS United Feeds, Sheridan, IN.
2 Number weaned (P < 0.05).
3 Farrowing season (P < 0.05).
4 Gromega × zinc interaction (P = 0.08).
5 Number weaned (P < 0.05) and farrowing season (P < 0.01). Table 5 . Least squares means (±SEM) for various traits measured in this experiment after control, Gromega 1 supplementation, zinc sulfate supplementation, or the 2 supplements combined are summarized Preweaning mortality, % 7.4 ± 1.7 8.4 ± 1.6 8.3 ± 1.6 9.0 ± 1.7
Brain stem Glucocerebroside 1 12.9 ± 0.9 14.9 ± 0.8 13.7 ± 0.8 13.8 ± 0.9
Glucocerebroside 2 36 ± 2 36 ± 2 35 ± 2 37 ± 2 Phosphatidylethanolamine 45 ± 2 46 ± 2 46 ± 2 45 ± 2 Phosphatidylcholine 83 ± 3 82 ± 3 80 ± 3 80 ± 3 Sphingomyelin 92 ± 3 94 ± 3 93 ± 3 92 ± 3 1 JBS United Feeds, Sheridan, IN.
2 Main effect of Gromega treatment (P < 0.05).
3 Gromega × zinc interaction (P < 0.01).
4 Units for high molecular weight myelin basic protein (HMWMBP) and low molecular weight myelin basic protein (LMWMBP) and myelin lipids are relative units from densitometry analysis. Gromega × zinc interaction (P < 0.05).
5 Main effect of zinc treatment (P < 0.05).
control treated gilts. Finally, as mentioned earlier, zinc increased birth intervals; however, stillbirth rate was decreased and the survival of low birth weight piglets was improved. In contrast, Gromega treatment increased the stillbirth rate as birth intervals increased. Gromega treatment increased the number and frequency of stillborn piglets. These observations are similar to reports that supplementation with fish oil reduced piglet viability (Rooke et al., 1998; Smit et al., 2013) , although neither previous report indicated a detrimental effect on stillbirth. The reason for the effect on stillbirth is unclear but may be due to the conversion of essential fatty acids to prostaglandins, leukotrienes, and thromboxanes (Kremmyda et al., 2011) . Prostaglandins affect farrowing onset and uterine contractility (First and Bosc, 1979; Gooneratne et al., 1983) . Leukotrienes affect lung function, particularly in response to disease (McCarthy and Weinberg, 2012) . Thromboxanes control the closure of the ductus arteriosus and umbilical cord blood vessels after birth (Reyes, 1993) . Thus, overproduction of prostaglandins, leukotrienes, or thromboxanes could cause excessive uterine contractions, lung airway constriction, or premature closure of the umbilical cord, respectively. Each could result in increased stillbirth with prolonged farrowing. However, excessive uterine contractions would most likely show up as reduced birth intervals, which did not occur in this experiment. The other 2 possible effects of increased fatty acid supplementation require further study.
In contrast, zinc supplementation increased birth intervals during early farrowing but reduced the frequency of stillbirth as birth intervals increased, resulting in no net effect on the number of stillborn piglets. Results also indicated that zinc treatment reduced preweaning mortality of low birth weight piglets. However, zinc treatment by itself had few effects on myelination. These results suggest that the improvements in piglet stillbirth rate and low birth weight preweaning survival in response to zinc are due to effects other than on farrowing intervals and brain myelination. Zinc has many roles in physiology other than participation in myelin compaction. Zinc is a component of many enzymes and thus contributes to several physiological pathways including antioxidant activity (Cu/Zn superoxide dismutase; Mistry and Williams, 2011) , protease activity (metalloproteases; Balaban et al., 2012) , transcription (Zn finger proteins; Swamynathan, 2010) , prostaglandin and leukotriene synthesis (Meydani and Dupont, 1982; Favier, 1992; Zhang et al., 2007) , and CO 2 regulation (carbonic anhydrase; Sly and Hu, 1995) . Each of these could contribute to improvements in stillbirth and preweaning mortality, with the most interesting being CO 2 regulation by carbonic anhydrase. Asphyxia during the farrowing process has been suggested to contribute to both stillbirth and preweaning mortality (Alonso-Spilsbury et al., 2005) . Carbonic anhydrase catalyzes the reaction of CO 2 with H 2 O making HCO 3 -and H + , contributing to the ability of red blood cells to safely transport CO 2 as bicarbonate ion (Geers and Gros, 2000) . Reports indicate that zinc concentrations in fetal blood are maximal 2 Gromega × zinc interaction (P < 0.01). Cerebellum HMWMBP 189 ± 7 189 ± 7 180 ± 7 187 ± 7 LMWMBP 201 ± 12 204 ± 11 202 ± 11 210 ± 11
Glucocerebroside 1 4 7.4 ± 0.6 8.8 ± 0.6 8.9 ± 0.5 7.5 ± 0.6
Glucocerebroside 2 16.1 ± 0.9 17.8 ± 0.9 18.7 ± 0.9 17.4 ± 0.9
Phosphatidylethanolamine 29 ± 2 29 ± 1 30 ± 1 28 ± 1 Phosphatidylcholine 62 ± 2 64 ± 2 63 ± 2 61 ± 2 Sphingomyelin 50 ± 2 54 ± 2 53 ± 2 53 ± 2
Spinal cord HMWMBP 4 299 ± 7 283 ± 7 272 ± 7 293 ± 7 LMWMBP 306 ± 14 299 ± 14 300 ± 14 316 ± 14
Glucocerebroside 1 12.5 ± 0.8 14.9 ± 0.8 13.8 ± 0.8 13.9 ± 0.8
Glucocerebroside 2 2 Units for high molecular weight myelin basic protein (HMWMBP) and low molecular weight myelin basic protein (LMWMBP) and myelin lipids are relative units from densitometry. Gromega × zinc interaction (P < 0.05).
3 Main effect of zinc treatment (P < 0.05).
on d 60 and progressively fall throughout later gestation (Richards, 1999; Hostetler et al., 2003) . This pattern is very similar to fetal serum iron concentrations (Vallet et al., 1996) , and it is well known that piglets are born iron deficient (Ullrey et al., 1960) . It seems possible that fetal zinc concentrations at birth may also be suboptimal, particularly in low birth weight piglets. If so, supplemental zinc could reduce the incidence of stillbirth during prolonged farrowing and improve preweaning mortality by increasing carbonic anhydrase activity, making piglets more resistant to high CO 2 concentrations during the birth process. Whether zinc increases carbonic anhydrase or increases the function of any of the numerous other physiological mechanisms to which zinc contributes will require further investigation. One of the goals of this experiment was to determine whether measurements of brain myelination were associated with preweaning survival. Myelin surrounds specific nerve axons and is composed of multiple layers of a phospholipid-rich specialized plasma membrane (Boiko and Winckler, 2006) . Myelination increases the speed of nerve impulses, and reduced brain myelination could contribute to increased preweaning mortality by decreasing both reflex speed and coordination of movement of low birth weight piglets (Deber and Reynolds, 1991; Fields, 2008) . No relationships with preweaning mortality were demonstrated for any of the treatments applied or myelin traits measured. Myelination of brain regions in the smallest piglet in each litter was measured because previous reports indicated that myelination was impaired in small piglets (Dickerson et al., 1971; Pond et al., 2000; Vallet and Miles, 2012) . Thus, any differences in myelination due to dietary treatments would be greatest in the smallest piglets from each litter. However, because assessment of brain myelination required sacrificing the smallest piglet in the litter, these piglets could not subsequently contribute to measurements of preweaning mortality, and the range of preweaning mortality of 7 to 9% measured in this experiment is below the normal USMARC herd average of 12 to 13% (J. L. Vallet, unpublished observations). We initially hypothesized that the myelin measurements made on the smallest piglets in the litter might predict myelination in other piglets in the same litter, so that a relationship would be observed between myelination and preweaning mortality of the remaining piglets in the litter. This clearly did not occur, so without an assessment of correlations of myelination among littermates, whether brain myelination contributes to preweaning mortality of piglets remains unknown.
A further goal was to determine whether myelination contributed to piglet nursing ability. The only result 2 Units for high molecular weight myelin basic protein (HMWMBP) and low molecular weight myelin basic protein (LMWMBP) and myelin lipids are relative units from densitometry. *P ≤ 0.05; **P < 0.01. that indicated that brain myelination was associated with piglet nursing ability was the weak but significant correlations between piglet immunocrit values and piglet high and low molecular weight MBP in the cerebellum, brain stem, and spinal cord. Because MBP are involved in compaction of myelin membranes (Kursula, 2008) , these results suggest that compaction of myelin around nerve axons may contribute to piglet nursing ability Other observed effects of Gromega and/or zinc supplementation on traits measured were surprising. Gromega supplementation increased the heart and birth weight of the smallest piglet of the litter but did not affect average birth weight. Further analysis indicated that the observed differences in heart weight were the result of differences in birth weight. This suggests that Gromega promotes the growth of small fetuses preferentially during gestation, perhaps by improving the availability of essential fatty acids. Although this is likely to be beneficial, the increase in the overall incidence of stillbirth, along with the increase in the stillbirth rate that occurred during prolonged farrowing, may negate any beneficial effect of the Gromega treatment on the weight of small piglets. However, if efforts were made to limit the incidence of prolonged farrowing, one might be able to take advantage of the beneficial effects of Gromega treatment on birth weights of small piglets.
In summary, MBP in the brain stem, cerebellum, and spinal cord were weakly correlated with immunocrit measures, suggesting that myelination may contribute to the ability of the piglet to nurse successfully. However, the combined dietary Gromega and zinc supplementation of gilts from d 80 of gestation to farrowing increased brain stem high molecular weight MBP but did not affect weight of the stomach contents or immunocrit measurements in the smallest piglets in the litter, nor did they affect overall preweaning mortality. Gromega treatment increased the weight of the smallest piglet in the litter but also increased the number of stillborn piglets. Gromega treatment increased and zinc treatment decreased the stillbirth rate in response to prolonged farrowing, and zinc treatment reduced the preweaning mortality rate in small piglets. Figure 3 . Relationships between birth weights and preweaning mortality for piglets from gilts treated with control (♦), Gromega (■; JBS United Feeds, Sheridan, IN), zinc (▲), or Gromega and zinc (•) supplementation are illustrated. Analysis indicated that zinc treatment reduced the effect of low birth weight on preweaning mortality (P < 0.05).
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